With increasing use of the artificial kidney as a definitive method of treatment in some cases of renal failure, opportutnities have arisen to study the effects of haemodialysis on urea distribution in the body. Although it has been generally accepted that urea is freely and rapidly diffusible in the body fluids of normal subjects (McCance and Widdowson, 1951) , the validity of this concept in uraemic patients undergoing haemodialysis on an artificial kidney has recently been questioned, and evidence has been adduced to support a contention that a relatively non-freely diffusible intracellular urea exists in such circumstances (Blackmore and Elder, 1961) .
In individual uncomplicated cases of acute oliguric renal failure the pre-dialysis daily increment of plasma urea concentration is virtually constant: indeed, practical use is made of this phenomenon to anticipate and plan the day for haemodialysis (Loughridge et al., 1960) . After haemodialysis the daily increment of plasma urea concentration is virtually identical except for the first day, when there is almost invariably an accelerated rate of rise ( Fig. 1 ). indeed is less than, the intracellular urea concentration in the immediate post-dialysis period, and that equilibration subsequently takes place in the following dayseems more reasonable. To test the validity of this hypothesis it was decided (1) to determine the intrace'lular concentration of urea in a series of muscle biopsies taken immediately after haemodialysis and to compare the values with the corresponding plasma values of venous blood samples withdrawn at the time of the biopsies, and (2) to observe post-dialysis hourly rates of rise of the plasma urea concentration and to determine the average time taken for equilibration with the pre-dialysis rates of rise.
Material and Methods
Muscle Biopsies
IntracellIlar urea concentrations (expressed as mg.f 100 ml. of muscle water) were determined in muscle biopsies obtained from the medial part of the gastrocnemius muscle in 19 unselected patients with acute renal failure immediately after haemodialysis on a rotating coil artificial kidney. Local anaesthesia (2% lignocaine) was used to infiltrate the overlying skin. Care was taken to avoid fat and connective tissue, and 2-4-g. muscle samples were obtained with dry instruments and were placed immediately into dry glass containers. Venous blood samples for urea, electrolyte, and haematocrit determinations were withdrawn at the time the biopsies were taken and all specimens were transferred immediately to the laboratory. There the muscle samples were blotted to remove surface blood, trimmed of any visible fat and connective tissue, and then divided into two approximately equal portions.
The paired portions were transferred to two dry tared weighing-bottles and accurately weighed (wet weight). One of the paired portions was shredded with fine dry scissors and then crushed with a glass rod. Then 1.5-2 ml. of distilled water was added to the crushed specimen in the weighing-bottle, washing off the glass rod, and the whole was accurately weighed and then put into a refrigerator at 4°C. for 24 hours to allow for equilibration. At the end of this time 0.2 ml. of the fluid in the weighing-bottle was pipetted out and its urea concentration determined by a modification of the method of Skeggs (1957) , using phosphoric-nitric acid and potassium persulphate. The remaining fluid was evaporated off by subjecting the weighing-bottle and its contents to a temperature of 100-1100 C. for 48 hours and the dry weight determined by weighing. The difference between the previously observed wet weight and the subsequent dry weight was taken to represent the weight of the intracellular and extracellular muscle water and is expressed as ml./kg. of wet muscle.
The extracellular component was determined from the chloride space in the second of the paired portions after fat extraction had been effected (Hastings and Eichelberger, 1937; Talso et al., 1953) . The specimen was first dried at 100-1 10°C. for 48 hours, and, after reweighing, approximately 2.5 ml. of ethyl ether was added to the dried muscle in its weighing-bottle. The muscle was ground with a glass rod and a further 2.5 ml. of ethyl ether was added. After 10 minutes the ether was removed by centrifugation, aspiration, and evaporation. A further single extraction with ethyl ether and then two more with petroleum ether were completed before reweighing. The weight loss was taken to represent the weight of the neutral fat in the muscle biopsy. After fat extraction, approximately 2 ml. of distilled water, accurately weighed, was added to the dry fat-free specimen in its weighing-bottle. The bottle was capped and agitated before it was left to stand at room temperatuLre for two hours, during which time it was agitated repeatedly. The chloride content of the fluid was then determined by a modification of the method of Van Slyke and Hiller (1947) : the nomogram for temperature correction (Van Slyke, .1947) was applied. After correcting for the chloride content of red blood cells contained in the biopsy (Barnes et al., 1957) and applying the Donnan factor (0.96), the chloride space was calculated from the tissue and plasma chloride (Flear et al., 1960) and expressed as ml./kg. of fat-free wet muscle.
Plasma urea concentrations were determined by the modified method of Skeggs (1957) , and plasma chloride by the method of Van Slyke and Hiller (1947) ; the intracellular urea concentration was deduced from the equtation:
(Tw -Ev) Where Iu = intracellular urea concentration (mg. 100 ml.), Tu=total urea (mg./100 ml. muscle water), Tw=total water (ml./kg.), Eu=extracellular (plasma) urea concentration (mg. /100 ml.), and Ev = extracellular volume (ml./kg.).
Post-dialysis Hourly Increments of Plasma Urea
In 14 unselected patients with acute tubular necrosis post-dialvsis venous blood samples were withdrawn repeatedly at intervals of one to two hours so that postdialysis plasma urea concentrations ( Fig. 2 ) could be determined in each sample by an automatic analyser using the modified method of Skeggs (1957 Fig. 3 ).-Compared with the pre-dialysis hourly increments of plasma urea concentration, which ranged from 1.2 to 3.5 mg./ 100 ml. (average 2.2) in 14 patients, the post-dialysis increments were significantly increased for varying periods of time: two hours after completion of haemodialysis the increments ranged from 5 to 18 mg./100 ml. (average 9.8), but these values gradually decreased until they approximated the predialysis values at times ranging from 7 to 20 hours (average 15).
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Discussion Since the molecular size of urea is only 3.0 Angstroms, it would be reasonable to believe that it passes freely across cell membranes and becomes rapidly diffused throughout all the body fluids: indeed, this concept was imputed when it was suggested by McCance and Widdowson (1951) that orally ingested urea might be used to measure total body water in normal subjects. Yet it had been suggested previously that urea is not equally distributed between red-cell and plasma water (Barnes et al., 1957) , could explain the observation.
The temporary accelerated rate of rise of plasma urea concentration following haemodialysis in uncomplicated cases of acute oliguric renal failure could be rationally explained on the basis of the present observations that the concentration of the intracellular urea exceeds the extracellular concentration at the end of haemodialysis and that there is then a subsequent and gradual equilibration of the relatively greater intracellular urea concentration with the relatively lower extracellular urea concentration. The average time taken for the postdialysis hourly urea increments to equilibrate with the respective pre-dialysis values was found to be 15 hours, and this accords with the recognized clinical observation that the accelerated rate of rise of plasma urea concentration in cases of uncomplicated acute oliguric renal failure after haemodialysis is only temporary and occurs during the first post-dialysis day.
When haemodialysis effectively removes urea from the body and the clearance from the extracellular compartment exceeds that from the intracellular compartment, the process could result in an osmotic gradient tending to produce intracellular oedema: this should be minimal when a twin-coil ultrafiltration artificial kidney (Aoyama and Kolff, 1957 ) is used, because this machine can effectively remove water at a rate of 800 ml./hour. Anima! experiments (Alexander et al., 1961) 
